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The addition of inorganic phosphate fertilizers to soil and crops is a common practice for
increasing crop production in worldwide. The fertilizers in soil causes an increase in the
radionuclides content along with the essential nutrients that can transfer from soil to
various parts of plants. The aim of this work is to measure the alpha activity from various
part of radish plant. The measurement of alpha activity was performed by track etch
technique using LR-115 detectors. The results show that the alpha track density from lower
part of leaves is higher than that from upper part. The alpha track density from upper and
lower part of leaves varied from 12 ± 1.9 to 40.8 ± 1.9 tr cm2 and 16 ± 2.2 to 51.3 ± 3.3
tr cm2 respectively while it varied from 45 ± 4 to 135 ± 4 tr cm2 for edible part of plants.
With age of plants the radionuclide contents continuously get accumulated in the different
part of plant and hence increase in alpha track density was observed during present work.
The track density for plants grown with phosphate fertilizers was found to be higher
compare to organic and urea fertilizers.
Copyright © 2014, The Egyptian Society of Radiation Sciences and Applications. Production
and hosting by Elsevier B.V. All rights reserved.1. Introduction
Radioactivity is present everywhere in the ecosystem due to
natural andman-made sources. Themost important source of
radioactivity is the soil which also play important role in be-
tween human and environment. The long-lived naturally
occurring radionuclide present in the soil may get transferred
to plants during mineral uptake and accumulate in various
parts. These plants or their parts when consumed by man as
food would lead to continuous radiation dose (Shanthi,
Kumaran, Raj, & Maniyan, 2011). While other importantsics, National Institute
A. Kumar), chauhanrpc@
ptian Society of Radiatio
iety of Radiation Sciencessources of radionuclide arewater and air (Hamilton, 1995). Soil
plays an important role in the productivity and stability of
terrestrial ecosystems because it is the source of nutrients and
water for plants. It contains small but significant quantities of
organic and inorganic compounds, which are essential for the
growth of the plants (Ahmed and El-Arabi, 2005). These com-
pounds transfer from soil to plants during uptake of nutrients
and minerals. Plants differ considerably in their uptake of
radionuclides (Cesium, Iodine, potassium, radium, thorium,
uranium, polonium, Bismuth and lead). Heavy metals can
accumulate in the crop field at toxic levels due to long term
application of wastewater (Bohn, McNeal, & Oconnor, 1985).of Technology, Kurukshetra 136119, India. Tel.: þ91 9812351248
gmail.com (R.P. Chauhan).
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Table 1eAlpha tracks density from leaves of radish plant
after 30 days of plantation.
Fertilizers Alpha track density
from leaves (Tr./cm2)
(AM ± SE)
Alpha track density
per day from leaves
(Tr./cm2/d) (AM ± SE)
Upper
part
Lower
part
Upper
part
Lower
part
DAP-1 30.8 ± 2.86 43.0 ± 10.3 0.51 ± 0.05 0.72 ± 0.17
Dap-2 35.5 ± 19.6 51.3 ± 3.3 0.59 ± 0.33 0.86 ± 0.06
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like vegetables absorb radioactive elements directly from the
atmosphere or from the soil and concentrate them within
themselves (Ekdal, Karali, & Sac, 2006).
Various kinds of phosphate fertilizers are added to soil for
increasing crop production. The addition of inorganic phos-
phate fertilizers to soils and crops is a common practice in
agriculture worldwide (Malavolta, 1994). Phosphate rocks are
starting material for the production of phosphate fertilizers.
The high value of radionuclide contents in the phosphate
rocks and fertilizers were reported by several researchers
(Chauhan, Chauhan, & Gupta, 2013; Khater & AL-Sewaidan,
2008). The long-continued application of phosphate fertil-
izers may elevate heavy metal, radionuclide contents and
fluorine concentrations in soil profiles. This may cause the
increase of availability of radionuclide in soil and subsequent
transfer to the human food chain through plants. Thus, it is
important to know the proportion of such a transfer of
radionuclide from soil to plant for their implications to human
and animal health (Malavolta, 1994). The accumulation of
these radionuclides, due to the application of fertilizers and/or
the change of the soil properties, could be a potential source
for environmental pollution (Ielsch et al., 2001; Rutherford,
Dudas, & Samek, 1994). The use of fertilizers in soil in-
creases the radionuclides content in soil and thus may in-
crease the soil to plant transfer of alpha activity. The most
important radionuclides are radium, thoriumand their decays
products which can easily transfer from soil to plants through
roots. The alpha emitting nature of these radionuclidesmakes
their studies important by use of track etch technique. From
the measurement of alpha activity for round guard, lady fin-
gers and spinach plants studied by others (Chauhan and
Chauhan, 2014a, 2014b) it can be concluded that the plants
with edible roots are more susceptible to uptake of radionu-
clides as compare to leafy vegetable or plants.
The objective of the present work is to measure the alpha
activity in term of alpha track density from radish plants
grown with the use of different fertilizers like Diammonium
Phosphate (DAP), Nitrogen, phosphorus and potassium (NPK),
single super phosphate (SSP), potash (PF), zinc sulphate
(ZnSO4), urea (URA), and organic fertilizer (OF). The work also
aimed to compare the alpha activity received from the radish
plants grownwith and without fertilizers in different amount.NPK-1 38.2 ± 3.2 39.8 ± 3.7 0.64 ± 0.05 0.66 ± 0.06
NPK-2 40.5 ± 0.7 49.3 ± 11 0.68 ± 0.01 0.82 ± 0.18
PF-1 29.0 ± 4.1 47.2 ± 6.94 0.48 ± 0.07 0.79 ± 0.12
PF-2 25.7 ± 1.5 39.6 ± 0.6 0.43 ± 0.03 0.66 ± 0.01
OR-1 11.0 ± 1.5 22.6 ± 3.4 0.18 ± 0.03 0.38 ± 0.06
OR-2 25.6 ± 7.5 29.3 ± 8.7 0.43 ± 0.13 0.49 ± 0.15
SSP-1 17.8 ± 7.2 43.6 ± 8.4 0.30 ± 0.12 0.73 ± 0.14
SSP-2 40.8 ± 1.9 48.3 ± 3.8 0.68 ± 0.03 0.81 ± 0.06
ZnS-1 17.6 ± 9.5 28.6 ± 3.9 0.29 ± 0.16 0.48 ± 0.07
ZnS-2 29.0 ± 1.7 48.3 ± 0.6 0.48 ± 0.03 0.81 ± 0.01
Ua-1 23.7 ± 0.6 28.3 ± 2.1 0.40 ± 0.01 0.47 ± 0.04
WF 12.0 ± 1.9 160 ± 2.2 0.20 ± 0.03 0.26 ± 0.04
Abbreviation used: Diammonium Phosphate (DAP), Nitrogen,
phosphorus and potassium (NPK), Single Super Phosphate (SSP),
Potash (PF), Zinc Sulphate (ZnSO4), Urea (Ua), Without fertilizers
(WF) and Organic fertilizer (OR). 1 and 2 is used for 20 and 50 g of
fertilizers used. AM: Arithmetic mean, SE ¼ Standard error ¼ s/√N,
where s s standard deviation and N is number of measurements.2. Materials and methods
The track etch technique was used for measurement of alpha
activity in radish plant. The plants were grown by planting the
seeds of radish in earthen pots having equal amounts (10 kg)
of same type of soil (Sandy soil). 20 g and 50 g of different
fertilizers like Diammonium Phosphate (DAP), Nitrogen,
phosphorus and potassium (NPK), single super phosphate
(SSP), potash, zinc sulphate (ZnSO4), urea (URA), and organic
fertilizer (OF) were added to the soil before planting of seeds.
The seeds gardened at the bottom of a 2e3 cm depth of soil
from surface and 10e15 cm above the lower side of pots. All
pots were kept at same open environmental condition and
subjected to similarwatering at regular interval of times. After
the 30 and 45 days of plantation, healthy leaves of same sizeand same portion of the plants were plucked out from each
plant, washed thrice with fresh water, so that any contami-
nation on leaves was removed and then dried in normal
sunlight for two days. Then leaves were oven dried for 48 h at
60 C to completely remove the moisture. Then each leaf
sample was sandwiched between two SSNTD's (LR-115, Type-
2, Strippable, size 3  3 cm2), wrapped into aluminum foil
sheet and kept into sealed plastic canisters so that it remained
isolated from the environment (Chauhan and Chauhan,
2014a, 2014b). After the exposure of 60 days the LR-115 de-
tectors were removed and chemically etched in 2.5 N alkaline
NaOH solutions at 60

C for 90min. The tracks per unit area on
detector produced by the alpha particles emitted out from
radionuclide were counted by spark counter technique. The
background correction was applied by subtracting back-
ground from measured alpha track density.3. Results and discussion
3.1. Alpha activity from leaves of radish plant after 30
days of plantation
The alpha track densities from the leaves of the radish plant
after 30 days of plantation was measured by track etch tech-
nique described in Section 2. The results of themeasurements
of alpha track density from leaves of the radish plants grown
using different fertilizers are shown in Table 1.
The alpha track density from upper and lower part of
leaves varied from 12 ± 1.9 to 40.8 ± 1.9 tr cm2 and 16 ± 2.2 to
51.3 ± 3.3 tr cm2 respectively while the alpha track density
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0.26 ± 0.04 to 0.86 ± 0.06 tr cm2 d1 for upper and lower part of
leaves of radish plants grown with different fertilizers
respectively. The alpha track densities from lower part of
leaves were higher than that from upper part. This may be
attributed to higher trichroma density at lower side of the
leaves. The large number of trichrome on lower side of the
leaves provide the large free surface area for emission of alpha
particle from leaves. The alpha track densities from leaves of
radish plant grown with use of fertilizers were found higher
than the plants grown without fertilizers. This may be
attributed to fact that the uranium and radium contents in the
soil were enhanced due to use of fertilizers. These radionu-
clides transfer from soil to plant alongwith essential nutrients
and accumulate in various parts of the plants. The thickness
of the leaves after drying becomes smaller than range of alpha
particle in leaves. The alpha particles emitted from decay
products of uranium and thorium series comes out from the
leaves and produce a track on LR-115 detector. The number of
alpha tracks produced on LR-115 detector are directly pro-
portional to radionuclide contents present in leaves, thuswith
use of different fertilizer, there is an increase of radionuclide
content in plant as found in the present work.
3.2. Alpha activity from leaves of radish plant after 45
days of plantation
The variation of alpha track density at age of 45 days of
plantation of radish plant is listed in Table 2. The alpha track
densities in leaves of the radish plant also increased with the
age of plant. Since the uranium and radium present in the soilTable 2eAlpha tracks density from leaves of radish plant
after 45 days of plantation.
Fertilizers Alpha track density
from leaves (Tr./cm2)
(AM ± SE)
Alpha track density
per day from leaves
(Tr./cm2/d) (AM ± SE)
Upper
part
Lower
part
Upper
part
Lower
part
DAP-1 55 ± 0 54.6 ± 1.2 0.92 ± 0 0.91 ± 0.02
Dap-2 35.7 ± 7.7 68.3 ± 20.9 0.60 ± 0.13 1.14 ± 0.35
NPK-1 44.0 ± 1.0 84.4 ± 25.4 0.73 ± 0.02 1.41 ± 0.42
NPK-2 70.7 ± 5.1 79.5 ± 24.3 1.18 ± 0.09 1.33 ± 0.41
PF-1 37.2 ± 3.5 46.7 ± 1.2 0.62 ± 0.06 0.78 ± 0.02
PF-2 SNR SNR SNR SNR
OR-1 24.8 ± 8.8 23.0 ± 2.0 0.41 ± 0.15 0.38 ± 0.03
OR-2 32.0 ± 5.0 32.0 ± 2.0 0.53 ± 0.08 0.53 ± 0.03
SSP-1 45.0 ± 4.6 70.0 ± 1.0 0.75 ± 0.08 1.17 ± 0.02
SSP-2 47.7 ± 5.3 57.2 ± 3.5 0.80 ± 0.09 0.95 ± 0.06
ZnS-1 35.2 ± 3.4 58.3 ± 5.9 0.59 ± 0.06 0.97 ± 0.10
ZnS-2 48.2 ± 8.2 74.4 ± 16.3 0.80 ± 0.14 1.24 ± 0.27
Ua-1 29.8 ± 1.1 30.0 ± 1.5 0.50 ± 0.02 0.50 ± 0.03
WF 21.0 ± 2.0 19 ± 2.9 0.35 ± 0.03 0.32 ± 0.05
Abbreviation used: Diammonium Phosphate (DAP), Nitrogen,
phosphorus and potassium (NPK), single super phosphate (SSP),
potash (PF), Zinc Sulphate (ZnSO4), Urea (Ua), Without fertilizers
(WF) and Organic fertilizer (OR). 1 and 2 is used for 20 and 50 g of
fertilizers used. SNR: Sample not retrieved, AM: Arithmetic mean,
SE ¼ Standard error ¼ s/√N, where s is standard deviation and N is
number of measurements.and then transfer to plant have very long half life. With age of
plants the radionuclide contents were continuously accumu-
lated in the different parts of plants. Thus, the alpha track
densities in radish plant after 45 days are higher than that of
30 days.
The alpha track density from upper and lower part of
leaves varied from21.0± 2.0 to 70.7± 5.1 tr cm2 and 19 ± 2.9 to
84.4 ± 25.4 tr cm2 respectively while the alpha track density
per day varied from 0.35 ± 0.03 to 1.18 ± 0.09 tr cm2 d1 and
0.32 ± 0.05 to 1.41 ± 0.42 tr cm2 d1 for upper and lower part of
leaves respectively. The alpha track density at different age of
the plants also depends upon the amount of the fertilizers
added in the soil.With increase in the amount of fertilizers the
transfer of radionuclide from soil to plant also increases and
hence we observed the higher alpha track density in plant
grown with 50 g of fertilizers than that with 20 g as listed in
Tables 1 and 2. There exist a linear relation between the
content of P2O5 and uranium as both forms of uranium
[U(SO4)2] or [UO2(SO4)] in phosphoric acid (raw materials of
fertilizers) is soluble in water (Khater & AL-Sewaidan, 2008).
With increase in the amount of fertilizers in pots, increased
the phosphorus content in soil (Al-Mohammadi & Al-Zubi,
2011; Chauhan et al., 2013; Qian, Schoenau, & Mooleki, 2004),
hence uranium into the soil and plants. The alpha track
densities from plants grown with use of any fertilizers were
found higher than that of without fertilizers. The track density
was found higher for plants with phosphate fertilizer as
compared to organic and urea, because the phosphate rocks
are the starting materials for phosphate fertilizers, for which
high radium and thorium content were reported by many
researchers (Ahmed and El-Arabi, 2005; Chauhan et al. 2013).Table 3 e Alpha track density from edible roots of radish
plant after 45 days of plantation.
Fertilizers Alpha track density from edible roots
Alpha track
density (Tr./cm2)
(AM ± SE)
Alpha track density
per day (Tr./cm2/d)
(AM ± SE)
DAP-1 74 ± 3 1.23 ± 0.05
DAP-2 99 ± 8 1.65 ± 0.13
NPK-1 135 ± 4 2.25 ± 0.067
NPK-2 81 ± 1 1.35 ± 0.017
PF-1 112 ± 2 1.87 ± 0.033
PF-2 114 ± 1 1.90 ± 0.017
OR-1 99 ± 2 1.65 ± 0.033
OR-2 78 ± 3 1.30 ± 0.05
SSP-1 60 ± 1 1.00 ± 0.02
SSP-2 67 ± 3 1.12 ± 0.05
ZnS-1 85 ± 3 1.42 ± 0.05
ZnS-2 121 ± 1 2.02 ± 0.02
Ua-1 135 ± 2 2.25 ± 0.03
WF 45 ± 4 0.75 ± 0.07
Abbreviation used: Diammonium Phosphate (DAP), Nitrogen,
phosphorus and potassium (NPK), single super phosphate (SSP),
Potash (PF), Zinc Sulphate (ZnSO4), Urea (Ua), Without fertilizers
(WF) and Organic fertilizer (OR). 1 and 2 is used for 20 and 50 g of
fertilizers used.
AM: Arithmetic mean, SE ¼ Standard error ¼ s/√N, where s is
standard deviation and N is number of measurements.
Fig. 1 e Comparison of alpha track density from leaves and roots of reddish plant at 45 days of plantation.
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45 days of plantation
The variation of alpha track density from edible roots of plant
after 45 days of plantation is listed in Table 3. The alpha track
density from edible roots varied from 45 ± 4 to 135 ± 4 tr cm2
for without fertilizers to NPK fertilizers while the alpha track
density per day varied from 0.75 ± 0.07 to
2.25 ± 0.067 tr cm2d1.
The alpha track densities from the edible roots of the
radish plant are higher than that of leaves (Fig. 1). This can be
attributed to fact that the root of radish plant grown under-
ground. The radionuclide present in soil directly enters the
roots through diffusion and impaction. Also the large surface
area of roots causes more accumulation of radium and ura-
nium. The radium enters from root can be trans-located in
different part of the plant through the capillaries present in
gonads of the plants, While the uranium cannot be trans-
ferred to leaves due to presence of casparian strip in roots
system (Denny, 2002). Thus the alpha activity from the edible
roots of the plant is higher than leaves.4. Conclusions
The use of organic and phosphate fertilizers to increase the
crop production is a common practice in most of the coun-
tries. The use of fertilizers in soil causes increase in transfer of
radionuclide contents from soil to plants. The alpha track
density from lower part of leaves is higher than that from
upper part. This may be attributed to higher trichroma density
at lower side of the leaves. With age of plants the radionuclide
contents were continuously accumulated in the different
parts of plant. The alpha activity from the plants grown with
phosphate fertilizer was found higher as compare to that with
organic fertilizers and urea. Thismay be attributed to fact that
the phosphate rocks are the starting materials for phosphate
fertilizers which contain high radium and thorium content.The use of organic fertilizers and cow dung do not pose much
health hazards as compared to phosphate fertilizers.
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